The Hsp70 gene plays an important role in the animal immune response. In order to analyze the linkage between the genetic polymorphisms of Hsp70 and the virus-resistance trait of the shrimp, we detected SNPs in the coding region of Hsp70 by direct sequencing in 104 specimens of Litopenaeus vannamei from three shrimp populations (one TSV-resistance line and two TSVsusceptibility lines). Five SNPs were found including 661C/A, 712T/C, 782C/T, 892C/T, and 1090C/T in the fragment of Hsp70 (GenBank accession no. AY645906). There were significant difference of the allelic frequency of SNP 892C/T polymorphism between the TSV-resistance population and the two TSV-susceptibility populations (P , 0.001). A TSV-challenged test was performed to divide the shrimps into TSV-resistance group and TSV-susceptibility group. The 892C/T SNP genotypes of each shrimp sample were detected by pyro-sequencing. The allelic frequency of SNP 892C/T were significant difference between TSV-resistance group and TSV-susceptibility group (P , 0.001). The results show that the genetic polymorphisms of Hsp70 are likely associated with virus-resistance trait in populations of L. vannamei.
INTRODUCTION
Litopenaeus vannamei (Boone, 1931) has become the leading farm species in the western hemisphere (VallesJimenez et al., 2004) . Recently, viral diseases have seriously threatened the shrimp aquaculture industry (Naylor et al., 2000) . Among the viral diseases, infectious hypodermal and hematopoietic necrosis virus (IHHNV), taura syndrome virus (TSV), and white spot syndrome virus (WSSV) have caused serious economic losses to the shrimp industry worldwide (Lightner et al., 1997) . Although a specific pathogen-resistant stocks (SPR) of L. vannamei for TSV resistance was developed (Moss et al., 2005) , basic genetic information is lacking for resistance or susceptibility of L. vannamei to viral diseases and immune response (Meehan et al., 2003) .
Heat shock protein of 70 kD (Hsp70) molecules play a key role in the immune response by functioning both as chaperones, and as inducers of pro-inflammatory cytokine secretion (Jalbout et al., 2003 , Dieterle et al., 1996 , Multhoff et al., 1995 , and Spagnolo et al., 2007 . Hsp70 is present at low levels in many cells and is highly induced by stress, regardless of the stage of the cell cycle (Hang et al., 1996) . In addition, Hsp70 can be highly induced by bacteria infecting (Eisenhut, 2008) or by virus infecting (Espigares et al., 2006) .
The gene Hsp70 of L. vannamei was cloned and sequenced (GenBank accession no. AY645906), however the single nucleotide polymorphisms (SNPs) of the gene were still unexamined. In order to analyse the linkage between the genetic polymorphisms of Hsp70 gene and the virus-resistance trait, we examined SNPs in the Hsp70 gene, and investigated the SNPs frequency distribution diversity in the TSV-resistance group and the TSV-susceptibility group of L. vannamei shrimp.
MATERIALS AND METHODS

Source of Genetic Material
Three populations of L. vannamei, PL1, PL2 and PL3, were selected for study. The PL1 population was a specificpathogen-free (SPF) Taura syndrome resistant (TSR) stock obtained from High Health Aquaculture, Kona, Hawaii, USA. The PL2 and PL3 populations were developed from an American SPF base line and a local SPF base line, respectively. The survival rate for the TSV-challenged of the PL1, PL2, and PL3 populations were 92%, 34%, and 15%, respectively (tested by our laboratory).
For SNPs detection and analysis, 104 samples of L. vannamei (39 of PL1, 39 of PL2, and 26 of PL3) were randomly selected for study. The allele frequencies of SNPs in the three populations were analyzed.
For association analysis, we performed experimental challenges on the PL2 population of L. vannamei. There were two controls: 1 viral challenge group, and 1 negative control group. The challenge group contained 182 shrimps (avg. wt ¼ 3 g), and the negative control group contained 30 shrimps (avg. wt ¼ 3 g). The challenged group was fed for 3 d (Days 0, 1, and 2) at 10% body wt/d with minced shrimp tissues prepared from frozen L. vannamei infected with an TSV isolate. Starting at Day 3, all groups of shrimp were fed once a day with a commercial pellet feed for 12 d. The negative control groups were fed only commercial feed throughout the test period of 15 d. All of the aquaria were checked daily for moribund and dead shrimps. After challenge experiment, the shrimps of challenge group were divided into TSV-resistance group and TSV-susceptibility group according to the challenge result.
Genomic DNA was extracted from each shrimp muscle using the Genome DNA Extraction Kit (Promega, USA).
DNA Sequencing
The Hsp70 of L. vannamei (GenBank accession no.AY645906) was used to design PCR primers using the software Primer Premier 5. The primers (forward, 59-TCTCGGGTCTGAATGTGC-39; reverse, 59-GAAATACG GTCCCTCTGC-39) amplified the fragment of Hsp70 from nucleotide position 475 to 1594. The PCR amplification mixtures of 25 ll contained the following: 50 ng of genomic DNA, 2.0 mM MgCl 2 , 0.2 mM dNTPs, 0.3 lM of each primer, 0.5 U Taq DNA polymerase (Promega, USA) and PCR buffer (Promega, USA). The PCR protocol included 2 min at 948C; 35 cycles of 30 s at 948C, 45 s at 568C, 1 min at 728C, and a final step of 10 min at 728C in a Robocycler (BioRad, USA).
The 104 samples of L. vannamei genomic DNA were amplified with the primers, after which sequencing was performed using the ABI 3730 sequencer (Applied Biosystems, USA) (performed by Bejing Sunbiotech co., Ltd).
Pyro-Sequencing
The 182 samples of shrimp from the TSV-resistance group and the TSVsusceptibility group were genotyped by pyro-sequencing (Gharizadeh et al., 2006) (performed by GeneTech Shanghai co., Ltd).
Statistical Analysis
Data were analyzed for statistical significance by two-way ANOVA on ranks and by x 2 test using the software program SPSS 13.0 (Bland et al., 1998) . The comparison of the SNPs distribution between the different groups was tested using the two-way ANOVA on ranks test. The frequencies of the SNPs were tested with the x 2 test. The frequencies of the SNPs were evaluated according to the Hardy-Weinberg equilibrium. For all tests, a P-value, 0.05 was considered statistically significant.
RESULTS
SNP Detection
SNPs in the coding region of HSP70 gene were detected by direct sequencing in 104 shrimp of the PL1, PL2, and PL3 populations. DNA comparison were performed using the software program DNAMAN (Zemann et al., 2006) , and five SNPs were found in the sequencing region, including 661C/A, 712T/C, 782C/T, 892C/T, and 1090C/T in the coding region of Hsp70 sequences. All of these mutations were synonymous.
SNPs Frequency Distribution of Three Populations
The genotype of each sample was determined on the basis of sequencing chromatograms (Fig. 1) . The genotype frequency for each population was consistent with the Hardy-Weinberg distribution (P . 0.05).
The SNPs distribution for each population is given in Table 1 . There were significant difference in the allelic frequency at 892C/T and 1090C/T polymorphism between PL1, PL2, and PL3 shrimp population (P , 0.001). The allelic frequencies of 892C/T polymorphism were significant difference between PL1 and PL2 (P , 0.001), PL1 and PL3 (P , 0.001), but not significant difference between PL2 and PL3 (P . 0.05). For SNP 1090C/T, the allelic frequency polymorphisms between the three populations were significant difference (P , 0.001). There was no significant difference in the allelic frequency distribution for the SNP 661C/A, 712T/C and 782C/T.
The T allele frequency of SNP 892C/T was significantly higher in PL1 population than in PL2 and PL3 populations. By reason that the survival rate for TSV-challenged of PL1 (9) population was high (92%), and the survival rate for TSVchallenged of PL2 and PL3 population were low (34% and 15%, respectively), it is suggested that the 892C/T polymorphism is likely associated with TSV-resistance/ susceptibility trait.
SNPs Frequency Distribution of TSV-Resistance and TSV-Susceptibility Groups
To ascertain the association between 892C/T polymorphism and the TSV-resistance/susceptibility trait, a TSV-challenged test was performed to divide the shrimps into TSV-resistance group and TSV-susceptibility group. Subsequently, the challenged shrimp samples were genotyped by pyro-sequencing (Fig. 2) . The genotype and allele frequency were calculated ( Table 2 ). The results show that there was significant difference of allele distribution at 892C/T SNP between the groups of TSV-resistance and TSV-susceptibility. The frequency of the T allele was significantly higher in TSVresistance group than in TSV-susceptibility group (P , 0.001). The results indicate that there is an association between 892C/T polymorphism and the TSV-resistance/ susceptibility trait of shrimp in the PL2 population.
DISCUSSION
In this study, five SNPs were found in the coding region of HSP70 gene fragment in L. vannamei. Although these mutations were synonymous, which did not impact the biological traits directly, they can be used as molecular markers of gene polymorphisms. Thus, we investigated the association between the Hsp70 gene polymorphism and the virus-resistance trait of L. vannamei.
The A allele of SNP 661C/A was found in the PL1 population, but not found in PL2 and PL3 populations, suggesting that the A allele of SNP 661C/A may be a significant molecular marker for the PL1 population.
At SNP 1090C/T, the allele frequency polymorphisms between the PL1, PL2, and PL3 populations were significantly different. Because the difference between PL2 and PL3 were also very significant, we were not able to analyze the association between the SNP 1090C/T polymorphism and the virus-resistance trait.
At SNP 892C/T, the allele frequency polymorphisms were significantly different (P , 0.001) between PL1 and PL2, PL1 and PL3, but not significantly different between PL2 and PL3 (P . 0.05). The frequency of T allele of SNP 892C/T was significantly higher in the PL1 population than in the PL2 and PL3 populations. Because the survival rate for the TSV-challenged population of PL1 was high (92%), and the survival rate for the TSV-challenged populations of PL2 and PL3 were low (34% and 15%, respectively), we suggest that the SNP 892C/T polymorphism is associated with the virus-resistance trait. To ascertain this association, we performed experimental challenges with PL2 population of L. vannamei dividing individuals into a TSV-resistance group and a TSV-susceptibility group, and examined the SNP 892C/T genotype of shrimp samples by using pyrosequencing. The results show that the frequency of T allele of SNP 892C/T was significantly higher in the TSVresistance group than in the TSV-susceptibility group, suggesting that the genetic polymorphisms of Hsp70 SNP 892C/T is likely associated with a virus-resistance trait in PL2 population of L. vannamei. However, the number of individuals of the challenged group was low, hence future studies should examine larger data sets to better determine if an association exists between Hsp70 polymorphism and the virus-resistance trait. 
